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Regular Egg-Positioning by an Aeshnid Species (Odonata, Aeshnidae) with Comments on its Phylogenetic 
Value. Matushkina N. A. — Prolarvae and first-instar larvae of an aeshnid anisopteran, probably Aeshna 
sp. or Anaciaeschna isoceles, were reared from an endophytic egg-clutch with eggs positioned in line 
and zigzag orders in stems and flowerstems of Myriophyllum spicatum in central Ukraine. Descriptions 
of the prolarva and the first-instar larva, the distance between neighbouring eggs in the clutch, as well 
as discussion on evolution of the endophytic egg-laying behaviour in Odonata, are provided. 
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YnopsyoyenHble sAiileKaaKH cTpeKo3 cemeiicrsa Aeshnidae (Odonata) c KoMMeHTapwamMuH 00 HX 
qpusioreneTH4ecKkom 3HayeHHH. MatymKuna H. A. — B creOssx n uBeronocax Myriophyllum spicatum 
ObIM OOHapyXKeHbI KIaIKM CTpeKO3, COepxKalllMe pacnOJOXKeHHble JIMHeEMHO M 3ur3arom sua. M3 
HAX B YCJIOBMAX Ja6opaTOpuM MOyYeHbI MpeAIMYMHKU M JMYMHKU TepBOro BO3pPacTa CTpeKO3 M3 
ceMelictsa Aeshnidae (Anisoptera), BO3MOXKHO OTHOCHIUMecs K BULY Anaciaeschna isoceles nin pony 
Aeshna sp. B padOotTe mpusBenensi onncanna Mopholornn sila, IMYMHOYHÞIX CTAIMÖ H KJIANOK. 
Kpatko o6cyxqaeTCa ƏBOMOUMA ƏHAOPHTHOÑ OTKIAIKU AH y CTpeKO3. 


KawuyesBble cxoBa: Odonata, cCTpeKo3b, OTKIaiKa AML, SÑNEKIANKaA, Aeshnidae. 


Introduction 


Two general approaches of the oviposition exist in odonates. Species with well developed ovipositor 
generally lay their eggs endophytically, i. e., inside the plant tissues. Exophytic oviposition is inherent to the 
anisopterans with modified ovipositor, which is designed to drop the eggs in water or to deposit them onto the 
surface of some periaquatic objects, e. g., stones, soil, tufts of grasses, pads of roots, etc. (Corbet, 1999: 21). 

Endophytic oviposition is one of the most common approaches of the egg deposition in odonates, 
recorded for all Zygoptera, Anisozygoptera and some Anisoptera, namely Aeshnidae. The female penetrates 
the substrate periodically by well-developed cutting ovipositor, and inserts eggs into the slits prepared. 
Usually, representatives of Zygoptera lay their eggs in a row, which constitutes a peculiar pattern of the 
clutch. This pattern can strongly depend on substrate characteristics in some damselflies, and therefore 
demonstrates high variability (e. g., in calopterygid Phaon iridipennis (Burmeister): see Miller, Miller, 1988). 
The egg deposition of other zygopterans is more constant, so that the regular pattern can serve as a family- 
specific character (Hellmund, Hellmund, 1991) or as a genus-specific character in a few instances, e. g., in 
some Lestidae (Matushkina, Gorb, 2000). Besides that, the stereotyped consecution of oviposition 
movements were recorded in Lestes sponsa (Hansemann) and L. parvidens Artobolevsky, which strictly 
determine a queue of placing and an inter-orientation of many eggs in one incision, and are controlled by 
certain mechanoreceptors on the ovipositor (Matushkina, Gorb, 2000, 2001). 

Aeshnidae are the only anisopterans, which oviposit endophytically. It was previously supposed, that 
they lay their eggs predominantly irregularly, not arranged into a certain pattern (Schiemenz, 1953: 79—80, 
83—84). There are only few drawings without explainatory text by Gardner (1950) on Aeshna mixta Latreille 
and by P.-A. Robert (1959) on Ae. juncea (Linnaeus) (Tafel 14, next to p. 81), Anax imperator Leach, and 
An. parthenope Selys (Taf. 16), which show regular patterns of clutches. The present work contains the first 
detailed description of the regular endophytic clutches of an aeshnid, and provides some arguments for its 
possible phylogenetic value. 
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Material and methods 


The emergent stems and flowerstems of Myriophyllum spicatum Linnaeus (Halorrhagidaceae) with an 
odonate egg clutch were collected on June 24, 2002 in a shallow creek of the Kaniv reservoir nearby the 
Zmiyini Islands (vicinity of the Kaniv Nature Reserve, Cherkassy Region, Ukraine, 50°00' N, 31°30' E). All 
the collected parts of the plant were placed in plastic containers (15 X 10 x 5 cm) with the river water, kept 
at room temperature and exposed to the sun rays all over the day, for further rearing. The water was changed 
once per day. The substrata with undeveloped eggs and with the egg shells of the hatched larvae were 
discolored in the mix of 70% ethanol and concentrated acetic acid (1 : 1) following H. Grunert (1995), and 
preserved in 70% ethanol for further descriptions and measuring. Some hatched larvae were fixed in 70% 
ethanol. The materials are currently housed in the author’s collection. 

All measured values are given in mm. 


Results 


About two weeks after the collection of egg-clutch (6 and 7 July 2002), the pro- 
larvae hatched and molted soon afterwards to the first-instar larvae. In total 23 larvae 
(about 50% of entire number of the collected eggs) hatched out. It was impossible to 
trace further development of the larvae, because they have died in a few days after the 
molting. 


Fig. 1. Parts of studied clutch with different patterns of egg-positioning (/) and details of egg morphology: 
2 — free part of elastic exochorion, protruding from egg-hole in alcohol-preserved substrate; 3 — shape of 
fixed egg. Arrows indicate opening in exochorion. Scale bar 0.5 mm. 


Puc. 1. MparmeHTbI W3y4eHHbIX KIAMOK C pa3IMYHbIM pacnosoxKeHvem AMU (/) n meran Mopdosoruu 
aia: 2 — cBoOoqHad YaCTb 9JACTMHYHOTO 9K3ZOXOpPHOHA, BbICTyMAaIOllad U3 OTBEPCTHA B 3aCIIMpTOBAHHOM 
cyOcTpate; 3 — qgopma dukcupoBaHHoro sia. Crpeikw ykKa3bIBaloT Ha OTBepcTHe B 9K3OXOPHOHE. 
MaciTa6Haa JMHelika 0,5 MM. 
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Clutch structure and egg dimensions 


The average distance between next eggs in the clutch was 1.33 (s. d. = 0.37, n = 
78). The clutch contained the egg-sets with different egg patterns: (1) the row of eggs 
(fig. 1, Z a), (2) the simple zigzag with a single egg in a corner of zigzag (fig. 1, / b), 
and (3) the broad zigzag with series of eggs (from 1 to 6) in each row (fig. 1, 7 c, d). 
Occasionally, the clutch was disordered in some parts, or patterns alternated in some 
parts of the clutch (fig. 1, 1 e, f). 

The length of the alcohol-preserved eggs ranged 1.6—1.9 (x = 1.71, s. d. = 0.08, 
n= 21). They were spindle-shaped with dark-colored apical ends. Each egg was cov- 
ered by membranous pellicle, which was distinctly larger than the egg body (fig. 1, 2, 
3) and represented an elastic exochorion (Sahlén, 1994). The membrane was project- 
ed partly from the plant tissues, and such an apical free part had an opening. The sur- 
face of the membrane had clearly hexagonal sculpture. 


Descriptions of instars 


Prolarva ca 3.20 long (fig. 2, 1). Elongate conical head 0.66 long and 0.49 of 
maximum across diameter. Tip of head slightly bent ventrally. Straightened labium 0.55 


Fig. 2. Aeshnid instars reared from regular clutch: 7 — prolarva; 2—7 — first larva: 2, 3 — habitus, 4— form 
of mask, 5 — head, 6 — labial palpi, 7 — first tarsus (d — dorsal direction, pr — proximal direction). Black 
arrow indicates lateral thorn on S6, which is diagnostic character of some Aeshna species and Anaciaeschna 
isoceles. White arrow indicates short labial hair. Scale bares: 7, 2, 4— 1.0 mm; 3, 6, 7— 0.5 mm; 5— 0.2 mm. 


Puc. 2. JImumHouHble crann Aeshnidae, BbIpallleHHble M3 YHOpATOUeHHBIX KaqoK: l — IpeqMuMHKa, 
2—7 — smuuHka nmepBoro Bospacta: 2, 3 — oOmui Bua, 4 — cbopMa macku, 5 — romoBa, 6 — GOKOBÞIe 
jlomlacTuw MacKu, 7 — nanka TepeqHeii Horu (d — DopcastbHoe HalpaBseHve, pr — IIpOKCUMasIbHoe HalipaB- 
nenne). UepHas cTpesiKa yKa3bIBaeT Ha JlaTepasIbHbIM WIMM Ha WIeCTOM CerMeHTe, KOTOPBIM ABJIAeTCA WMarHo- 
CTHYECKHM IIPH3HaKOM HeEKOTOPbIX BUOB poga Aeshna n Anaciaeschna isoceles. Benaa crpesKa yKa3bIBaeT Ha 
KOpOTKHŇ Ja6uabHbIt BOOCOK. MacitaOHble aMHeliku: 1, 2, 4— 1,0 MM; 3, 6, 7— 0,5 mm; 5— 0,2 mM. 
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long; legs 0.94—1.11 long; anal pyramid 0.28 long. Prolarvae molt shortly after hatching 
or even yet in egg hole, emerging from transparent skin, partly projecting from egg hole. 

First-instar larva ca 3.22 long, head width 0.78. Integument with brown-and- 
white pattern (fig. 2, 2, 3). Head with clear cross-shaped pale spot on dorsal surface 
and with pair of obscure small spots behind compound eyes. Sclerites mainly dark 
brown, but also bearing pale medial spots of different configuration on all thoracic ter- 
gites as well as on abdominal tergites 1—2, 4 and 7—8. Intersegmental membranes 
always pale. All legs mostly pale, but femora, tibiae and tarsi with transverse darken- 
ings. Paraprocts dark with pale basal spots. Epiproct pale. 

Head round, with swollen vertex (fig. 2, 2, 5). Eye distinctly protruded forward, 
projecting over sides of head and forming slightly more than one half of head lateral sur- 
face (fig. 2, 5). Eye longer than broad. Antenna two-segmented; distal segment elongat- 
ed and curved laterally. Prementum gradually widened distally (fig. 2, 4). Labium not 
reaching middle coxae in folded position. Toothed edge of labial palpus with 12 equal 
denticles (fig. 2, 6). Prementum with a few thin setae on the and labial palpus with one 
short hair (fig. 2, 6). Thoracic segments equal in size and shape. Prothorax lacking any 
discernible supracoxal armatures. Tarsi unisegmented with two ventral rows of normal 
and branched setae (fig. 2, 7). Abdominal segments 6—9 with lateral spines (fig. 2, 3). 
Paraprocti sharp with foveae, surrounded by long hairs, located on bases of their inter- 
nal surfaces. Epiproct about 1/3 as long as paraproct. Apex of epiproct bilobed. 


Discussion 


Identification of most Odonata species based on external morphology of their early 
instars is still problematic. Although the morphology of all stages has been described for 
some species (see Corbet, 2002), the available keys either refer to the exuvia or, more 
rarely, to final or penultimate larval instars (e. g. Heidemann, Seidenbusch, 1993; 
Norling, Sahlén, 1997; Gerken, Sternberg, 1999). Thus, we can only suppose, which 
dragonfly species laid the studied egg-clutch. 

The habitus and the form of the mask of the reared larvae are characteristic to 
Aeshnidae, and some other features, e. g. the shape of the head and eyes, the presence 
of the lateral thorns on S6, allow to presume that this is neither an Anax nor a 
Brachytron species, nor Aeshna juncea (Heidemann, Seidenbusch, 1993; Matushkina, 
Khrokalo, 2002). 

Six aeshnid species have been recorded in the Cherkassy Region earlier: Aeshna 
affinis Vander Linden, Ae. grandis (Linnaeus), Ae. mixta, Anaciaeschna isoceles 
(Müller), Anax imperator and Brachytron pratensis (Müller) (Khrokalo, Matushkina, 
1999; Gorb et al., 2001). All these species have been also registered in the studied local- 
ity. However, other Ukrainian aeshnids, e. g. Ae. cyanea (Müller) and Ae. viridis 
Eversmann, are expected in this locality. 

The pattern of the studied aeshnid clutch and its morphometrical features are com- 
pared with other odonates in table 1. The ordered egg clutch may be characterized by 
two main outlines of egg positioning, in line and in zigzag (fig. 3). Linear pattern has 
been considered inherent to some Lestinae, namely species of the genus Lestes 
(Matushkina, Gorb, 2000). Such clutches consist of a straight row of eggs constituting 
a simple linear pattern in L. barbarus (fig. 3, 3), or a row of egg-sets, each of which 
containing 2—8 eggs (fig. 3, /, 2). The latter constitutes a complex linear pattern 
described for L. sponsa and L. parvidens. The Lestes species chiefly use the long upright 
growing parts of semiaquatic plants, like a flower-stems of Scirpus, Juncus, Butomus, or 
leaves of Typha, Glyceria etc., for oviposition (Jédicke, 1997: S. 228—229; Matushkina, 
Gorb, 2002). The pattern of some parts in the studied clutch of Aeshnidae fits the cat- 
egory of simple linear endophytic clutches. 
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Table 1. Comparison of regular endophytic clutches in some Odonata 
TaOanua 1. CpapHenne ynopsyoueHHbIX KJIAMOK HEKOTOpbIX CTpeKO3 


Distance between next 
Species and source of information eggs/egg sets in a clutch Pattern of clutch 
[ +s. d., in mm] 


Calopteryx splendens (Harris) 1.16 + 0.12 Simple zigzag, i. e. zigzag with 

(Lindeboom, 1996) n= 10 a single eggs 

Lestes barbarus (Fabricius) 2.39 + 0.08 Simple linear, i. e. row of single eggs 

(Matushkina, Gorb, 2000) n=71 

Lestes sponsa (Hansemann) 1.44 + 0.53 Complex linear, i. e. row of egg-sets 

(Matushkina, Gorb, 2000) n= 111 

Enallagma cyathigerum (Charpentier) 0.82 + 0.15 Broad zigzag, i. e. zigzag with series of 

(Matushkina, Gorb, 2000) n= 78 eggs 

Erythromma najas (Hansemann) 0.56 + 0.01 Broad zigzag, i. e. zigzag with series of 

(Matushkina, Gorb, 2000) n = 196 eggs 

Aeshnidae gen. sp. (this study) 1.34 + 0.37 Simple linear, simple zigzag, broad 
n= 78 zigzag 
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Fig. 3. Distribution of main patterns of regular endophytic clutches in recent odonate suborders: 1, 2 — 
complex linear, 3 — simple linear, 4 — simple zigzag, 5 — broad zigzag. According to Matushkina, Gorb 
(2000) for Zygoptera, Shimura (2005) for Anisozygoptera, and this study for Anisoptera. 


Puc. 3. PacmpegeneHve OCHOBHbIX THMOB yMOPATOYCHHbIX SHAIOMUTHBIX KIAMOK cpeqM COBPeMeHHbIX 
NMOOTpALOB cTpeKko3: J, 2 — cioKHad WMHeliHad; 3 — mpoctad mMHeiiHad; 4 — mpoctas 3ur3aroBuyHad; 
5 — impokas 3ur3saropugHas. To: Matyumuna, Topo (2000) ana Zygoptera, Shimura (2005) mma 
Anisozygoptera, n 1aHHOe McceqoBaHve — ma Anisoptera. 


Zigzag-like clutches are known from many zygopterans of Calopterygidae, Coena- 
grionidae, Platycnemididae (Matushkina, Gorb, 2000), as well as from the lestid genus 
Sympecma (e. g. Martens, 1996; Reinhardt, Gerighausen, 2001), and from the anisozy- 
gopteran Epiophlebia superstes (Selys) (Shimura, 2005). Many zygopterans place their 
eggs in broad zigzag (fig. 3, 5), rows of which consist of different number of eggs. Some 
of such clutches are of semicircular shape, if the female lays her eggs inside the broad 
floating leaves of Nymphaeaceae (Schiemenz, 1953: fig. 12). The pattern of some other 
clutches is formed by a single egg in the corner of the zigzag, so, one may have an 
impression that the clutch contains two parallel lines of eggs (fig. 3, 4). Such mode of 
egg positioning is referred as «a simple zigzag» and was previously described for 
Calopteryx splendens (Lindeboom, 1996) and Platycnemis latipes (Rambur) (Heymer, 
1966). 
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Thus, the regular pattern, i. e., well-organized positioning of eggs in the endophyt- 
ic clutches, was reported for the representatives of all recent suborders of Odonata 
(fig. 3). This may suggest that the regular endophytic oviposition was rather descent 
from a common ancestor, than originated independently within established lineages of 
Odonata (i. e. at least three times). This assumption requires either confirmation or 
rejection depending on results of further phylogeny reconstructions. 
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